mounting evidence that abiotic and biotic stressors, such as extreme temperatures, toxins, starvation and parasitism, can exacerbate inbreeding depression (Fox & Reed, 2011; Meunier & Kölliker, 2013) .
Recently, it has been argued that direct competition between inbred and outbred individuals should have a greater impact on the severity of inbreeding depression than other stressors (Yun & Agrawal, 2014 ). The reason is that, if outbred individuals are stronger competitors than inbred ones (but see Richardson & Smiseth, 2017) , direct competition should have a disproportionate effect on inbred individuals (Yun & Agrawal, 2014) . In support of this suggestion, a study on house mice (Mus domesticus) found that inbred males had lower reproductive success than outbred males and that this difference was greater when there was direct competition between inbred and outbred males than when such competition was excluded (Meagher, Penn, & Potts, 2000) . However, an individual's competitive ability is determined not only by its inbreeding status, but also by factors such as its body size and age (Huntingford & Turner, 1987) . Thus, we now need to investigate how competitive asymmetries due to variation in body size, age or other such factors shape the outcome of direct competition between inbred and outbred individuals.
Investigating how asymmetries in competitive ability shape the outcome of direct competition between inbred and outbred individuals is challenging because many determinants of competitive asymmetries are conditional upon an individual's inbreeding status. For example, if inbred individuals were smaller on average than outbred ones (White, 1972) , any effect of the individual's body size would not be independent of its inbreeding status. It is therefore important to identify systems where competitive asymmetries are independent of inbreeding. One such system is asymmetric sibling competition due to asynchronous hatching in species where parents provision their offspring with food (Mock & Parker, 1997) . Asynchronous hatching generates an age-based competitive hierarchy within the brood that is likely to be independent of the offspring's inbreeding status, and where younger offspring (hereafter termed 'juniors') receive less food, grow less well and have higher mortality than older ones (hereafter termed 'seniors'; Mock & Parker, 1997; Smiseth, Ward, & Moore, 2007b) . In canaries (Serinus canaria), junior nestlings grow less well than seniors and this difference is greater in inbred broods than in outbred ones (de Boer, Eens, Fransen, & Müller, 2015) .
However, a more recent study on mixed broods comprised of both inbred and outbred nestlings found no evidence that juniors suffer from more severe inbreeding depression than seniors in canaries (de Boer, Eens, & Müller, 2016) . Thus, there is evidence that juniors suffer from more severe inbreeding depression than seniors, potentially reflecting that inbred offspring are more sensitive to the poor and stressful conditions experienced by juniors (de Boer et al., 2015) , but this is not the case when there is direct competition between inbred and outbred siblings (de Boer et al., 2016) . However, we urge caution in making direct comparison between these two studies as they used different designs. Thus, we now need studies that compare the effects of age-based competitive asymmetries when there is direct competition between inbred and outbred offspring and when such competition is excluded.
The burying beetle Nicrophorus vespilloides is an excellent system for studying the interplay between age-based competitive asymmetries and direct competition between inbred and outbred offspring.
This species exhibits asynchronous hatching with offspring from a reproductive event hatching over a period of 16-56 hr (Müller & Eggert, 1990; Smiseth, Ward, & Moore, 2006) , which in turn results in an age-based competitive hierarchy within the brood (Smiseth, Darwell, & Moore, 2003; Smiseth & Moore, 2002) . Prior work shows that juniors beg at higher levels than seniors (Smiseth & Moore, 2007; Smiseth et al., 2007b) , but that seniors are more effective at begging, receive more food from their parents and grow to a larger size than juniors (Smiseth & Moore, 2007 , 2008 Smiseth et al., 2007b) . There is good evidence for inbreeding depression as inbred individuals have higher mortality as eggs, larvae, pupae and adults than outbred ones (Mattey, Strutt, & Smiseth, 2013; Pilakouta, Jamieson, Moorad, & Smiseth, 2015a; . A recent study found no effect of sibling competition on the severity of inbreeding depression (Pilakouta, Sieber, & Smiseth, 2016) . However, this study focused on synchronous broods, using a design where offspring within a given brood were either all inbred or all outbred. Thus, this study excluded both age-based competitive asymmetries and direct competition between inbred and outbred individuals .
The aim of our study was to investigate the interplay between age-based competitive asymmetries and direct competition between inbred and outbred offspring in N. vespilloides. We used a 2 × 2 factorial design where we generated experimental broods comprised of two age classes of larvae-seniors and juniors-where seniors were 24 hr older than juniors (Smiseth et al., 2007b) , and where each age class was comprised of either inbred or outbred larvae. Thus, our design included four treatment groups: (a) outbred seniors competing with inbred juniors, (b) inbred seniors competing with outbred juniors, (c) outbred seniors competing with outbred juniors and (d) inbred seniors competing with inbred juniors. We first tested for effects of the three-way interaction between the focal offspring's inbreeding status, the inbreeding status of their competitors and age class. Such an interaction effect would be expected if inbred juniors suffered disproportionately due to competition from outbred seniors. We next tested for effects of the two-way interaction between the focal offspring's inbreeding status and the inbreeding status of competitors as expected if inbred larvae had lower performance when interacting with outbred competitors (i.e., if direct competition between inbred and larvae exacerbated inbreeding depression). We then tested for effects of the two-way interaction between the focal offspring's inbreeding status and age class as expected if inbreeding had a disproportionate effect on the performance of juniors (i.e., inbred larvae were more sensitive to the poorer conditions experienced by juniors).
We also tested for effects of the two-way interaction between the inbreeding status of competitors and age class as expected if focal larvae suffered disproportionately due to competition with outbred seniors. Finally, we tested for main effects of the focal offspring's inbreeding status, the inbreeding status of competitors and size rank.
Such main effects are expected if inbred larvae had lower performance than outbred ones (i.e., there was inbreeding depression), if larvae had lower performance when interacting with outbred competitors (i.e., outbred larvae were better competitors than inbred ones) and if juniors had lower performance than seniors (i.e., there was an age-based competitive asymmetry).
| MATERIAL S AND ME THODS

| Study species
Nicrophorus vespilloides breeds on carcasses of small vertebrates, such as mice, which serve as the sole source of food for the larvae (Eggert & Müller, 1997; Scott, 1998) . Once they have located a carcass that is suitable for breeding, both parents cooperate by burying it in the soil, remove fur and deposit antimicrobial secretions on its surface (Arce, Johnston, Smiseth, & Rozen, 2012; Scott, 1998) .
Meanwhile, females lay eggs in the soil near the carcass. Females lay 10-50 eggs over a period of 10-67 hr (Ford & Smiseth, 2017; Monteith, Andrews, & Smiseth, 2012; Smiseth et al., 2006) . Larvae hatch about 59 hr after laying (Smiseth et al., 2006) , and newly hatched larvae crawl to the carcass where they assemble within an opening, termed the crater, prepared by the parents on top of the carcass (Smiseth et al., 2006) . Larvae obtain food by feeding directly from the carcass and by begging for predigested carrion from the parents (Smiseth & Moore, 2002; Smiseth et al., 2003) . Larvae beg for food until they are roughly 72 hr old and disperse from the carcass around 5-6 days after hatching (Smiseth et al., 2003) . Both males and females usually provide care after hatching, but females spend more time provisioning food and remain with the larvae for longer than males (Bartlett & Ashworth, 1988; Scott, 1998; Trumbo, 1991) . Larvae pupate 10-12 days after dispersal and eclose as adults about 12 days after pupation (Mattey et al., 2013) .
| Experimental design
We generated experimental broods comprised of two age classes of larvae-seniors and juniors-where seniors were 24 hr older than juniors (Smiseth et al., 2007b) . This age difference translates into a substantial difference in body mass within the brood given that larvae grow seven-fold over the first 24 hr after hatching (Smiseth et al., 2003) . We used a 2 × 2 factorial design where we manipulated the inbreeding status (inbred or outbred) of both seniors and juniors. Thus, our experiment included the following four treatment groups: 
| Experimental procedures
The beetles used in these experiments were from a laboratory population maintained at the University of Edinburgh. Individual adult beetles were stored in transparent plastic containers (12 × 8 × 2 cm) filled with moist soil and fed organic beef twice a week. All individuals were maintained at 20 ± 2°C under a 16:8 hr light:dark cycle. We randomly selected virgin females from the stock population for use in the experiment. We used only outbred females and males as parents because parental inbreeding can have a negative effect on offspring survival (Mattey, Richardson, Ratz, & Smiseth, 2018; Mattey et al., 2013) . Females used in the experiments were paired with an unrelated virgin male. To initiate breeding, we placed each pair in a transparent plastic container (17 × 12 × 6 cm) filled with roughly 1 cm of moist soil and a previously frozen mouse carcass (23-26 g; Livefoods Direct Ltd, Sheffield, UK). In parallel with the experimental pairings, we set up additional donor pairs (n = 208) to generate a sufficient pool of newly hatched inbred and outbred larvae for generating experimental broods (see below). We generated outbred larvae by pairing a given female with an unrelated male (i.e., a male with which she shared no common ancestor for a minimum of two generations; Mattey et al., 2013 Mattey et al., , 2018 . Meanwhile, we generated inbred larvae by pairing a given female with her full brother (Mattey et al., 2013 (Mattey et al., , 2018 .
After the eggs were laid and before the eggs started hatching, we transferred the female and the carcass to a new container filled with 2 cm moist soil. We did this to ensure that there were no larvae present other than the experimental broods, which we allocated at random to each female. We discarded the male at this point as male assistance has no measurable effect on larval growth or survival under laboratory conditions (Smiseth, Dawson, Varley, & Moore, 2005) . Once the foster eggs began hatching, we generated experimental broods comprising of both senior and junior larvae. We generated both age classes by picking larvae from the pool of either outbred or inbred newly hatched larvae. This procedure ensures that all broods were of mixed maternity (Pilakouta, Richardson, & Smiseth, 2015b; Smiseth, Lennox, & Moore, 2007a ), thereby controlling for any possible confounding prenatal maternal effects on larval behaviour (Paquet & Smiseth, 2016) . We first placed 10 seniors on the carcass, and then 24 hr later (±15 min), we placed 10 juniors on the same carcass. This age difference is within the natural range of asynchronous hatching in N. vespilloides (mean: 30 hr; range: 16-56 hr; Smiseth et al., 2006) , and a brood size of 20 larvae closely matches the natural brood size in this species (mean: 21 larvae; range: 2-47 larvae; Smiseth & Moore, 2002) . We only provided a given female with an experimental brood once her own eggs had started hatching (Müller & Eggert, 1990) . We did this because females exhibit temporal kin recognition, killing any larvae that arrive before their own eggs have started hatching (Müller & Eggert, 1990 ).
| Offspring performance and inbreeding depression
We recorded subsequent effects of our treatments on four measures of offspring performance: mean larval mass at dispersal, survival from hatching to dispersal, survival from dispersal to eclosion and adult lifespan. We marked the larvae by snipping the tip of one hind leg so that we could differentiate seniors from juniors at the time of dispersal from the carcass (Smiseth et al., 2007b) . We did this after the behavioural observations (see below) to avoid any impact of marking on larval or parental behaviour. We snipped the tip of one leg (either the right or the left hind leg) of all seniors immediately after the second observation session. Twenty-four hours later, we snipped the opposite hind leg of all juniors (i.e., the left hind leg if we had snipped the right hind leg of seniors and vice versa; Smiseth et al., 2007b) . We randomized which hind leg we snipped for seniors and juniors across different broods. Given that adult legs develop from imaginal discs, snipping the legs at the offspring stage has no effect on offspring and adult fitness (Rauter & Moore, 2002; Smiseth et al., 2007b) . Once larvae dispersed from the carcass, we counted the number of seniors and juniors in the brood and weighed seniors and juniors separately (Smiseth & Morgan, 2009 ). Dispersal is defined as when larvae leave the crypt around the carcass (Smiseth et al., 2007b) . We also counted the number of seniors and juniors in the brood that eclosed as adults. Finally, we kept one male and one female adult senior and one male and one female adult junior from each brood until they died to gain information on their adult lifespan.
Based on our data on offspring performance, we calculated coefficients of inbreeding depression (δ) as a proportional change in mean fitness of outbred (w o ) and inbred offspring (w i ) using the equa- (Hedrick & Kalinowski, 2000) . Coefficients of inbreeding depression are useful for comparing fitness differences between inbred and outbred individuals (Hedrick & Kalinowski, 2000) . We calculated coefficients of inbreeding separately for seniors and juniors when there was direct competition between inbred and outbred larvae and when inbred and outbred larvae competed against their own kind. We did this to illustrate whether inbreeding depression was more severe when there was direct competition between inbred and outbred larvae and whether inbreeding depression was more severe in juniors.
| Competitive ability of offspring
We conducted behavioural observations to test for effects of our treatments on the offspring's competitive ability. We used effectiveness of begging-a measure of the offspring's returns on their time spent begging (Smiseth et al., 2007a (Smiseth et al., , 2007b )-as a proxy for competitive ability (see further details below). For each brood, we conducted two observation sessions. The first session was conducted 1 hr after the juniors had been placed on the carcass, that is, when seniors were 25 hr old and juniors were 1 hr old. The second session took place 24 hr (±15 min) later, that is, when seniors were 49 hr old and juniors were 25 hr old. This allowed us to compare behaviours of seniors and juniors when they were at the same age (i.e., 25 hr old; Smiseth et al., 2007b) . It is straightforward to distinguish junior and senior larvae during observation sessions simply on the basis of differences in their body size, given larvae grow seven-fold over the first 24 hr after hatching (Smiseth et al., 2003) .
We conducted behavioural observations using instantaneous sampling every 1 min over a 30-min observation period in accordance with established protocols (Smiseth & Moore, 2002 , 2004a , 2004b , 2007 Smiseth et al., 2003 Smiseth et al., , 2005 Smiseth et al., , 2007a Smiseth et al., , 2007b . We observed a total of 120 broods, thus yielding a total of 240 observation sessions (two for each brood). In each session, we recorded the number of sampling points during which the female was provisioning food to the larvae, defined as when there was mouth-to-mouth contact between the female and at least one larva (Smiseth & Moore, 2002) . We also noted the number of sampling points during which the female was close enough for the larvae to beg, defined as less than the width of the pronotum (Smiseth & Moore, 2007) . We did this because larvae only beg when the female is close to the larvae (Rauter & Moore, 1999; Smiseth & Moore, 2002) . Finally, we recorded the number of seniors and juniors begging and the number of seniors and juniors engaging in mouth-to-mouth contact with the female. Begging is defined as when the larvae raise their head towards the female, waving their legs or touching the female (Rauter & Moore, 1999) .
Based on this information, we calculated effectiveness of begging, m, using the equation m = ( Σm Σb ) × 100, where Σm is the total number of resource provisioning events for larvae of a given treatment, and Σb is the total number of begging events for those larvae.
We also calculated average percentage time spent begging per larvae in a given treatment, b, using the equation
, where Σb is as defined above, L is the number of larvae at the time of observation for a given treatment, and p is the number of scans where the female was within proximity of the larvae for begging to occur (Smiseth et al., 2003) . This metric provides a measure of larval begging that is largely independent of variation in how much time females spend near larvae (Smiseth & Moore, 2004b ).
| Statistical analyses
All statistical analyses were carried out using R. We analysed data on larval mass and survival using a linear mixed model. We obtained p-values using likelihood ratio tests comparing models with and without the factor of interest. We used a generalized linear mixed model fitted with a binomial distribution to test for differences in the effectiveness of begging, while we used a generalized linear mixed model fitted with a Poisson distribution to test for differences in time spent begging. We excluded 29 observations from our analyses on effectiveness of begging, female food provisioning and larval begging because females were never in proximity of the brood during the observation period. Data on female food provisioning were analysed using a hurdle model due to the sequential nature of the data. Significant values on the count model indicate that a given factor has an effect on the amount of care provided, whereas significant values on the binary model indicate that a given factor has an effect on the probability of providing no care versus some care. The binary model was fitted with a binomial distribution, whereas the count model was fitted with a negative binomial distribution to account for zero inflation and overdispersion.
| RE SULTS
| Offspring performance
There were no effects of the three-way interaction between the focal offspring's inbreeding status (inbred versus outbred), the inbreeding status of their competitors (inbred versus outbred) and age class (senior versus junior) on any of our four measures of offspring performance (Table 1) . In other words, inbred juniors did not suffer disproportionately due to competition from outbred seniors (Figure 1 ; left column). Furthermore, there were no effects of the two-way interaction between the focal offspring's inbreeding status and the inbreeding status of competitors (Table 1) . Thus, inbred larvae did not have lower performance when interacting with outbred competitors (Figure 1 ; left column), and coefficients of inbreeding depression were similar regardless of whether there was direct competition between inbred and outbred offspring or not (Figure 1 ; right column).
The two-way interaction between the focal offspring's inbreeding status and age class had a significant effect on larval mass at dispersal and adult lifespan (Table 1) . Inbred seniors grew to a larger size than other larvae, whereas there was no difference in size between outbred seniors, outbred juniors and inbred juniors ( Figure 1a ). There were no effects of the interaction between the focal offspring's inbreeding status and age class on the number of larvae that survived until dispersal and eclosion (Figure 1b,c) .
However, inbred seniors and outbred juniors had a slightly shorter lifespan than outbred seniors and inbred juniors (Figure 1d ). There were no effects of the two-way interaction between the inbreeding status of competitors and age class (Table 1) . Thus, larvae did not suffer any measurable fitness costs due to competition with outbred seniors (Figure 1 ; left column).
There was a significant main effect of the focal individual's inbreeding status on number of larvae that survived until dispersal and eclosion, while there were no effects on mean larval mass at dispersal or lifespan (Table 1 ; Figure 1a ,g). Inbred larvae had lower survival until dispersal and eclosion than outbred larvae (Figure 1c ,e), resulting in substantial coefficients of inbreeding depression for these measures of offspring performance (Figure 1d ,f).
There were no main effects of the inbreeding status of competitors TA B L E 1 Summary of models for the effects of the focal offspring's inbreeding status (Focal IS: inbred versus outbred), the competitor's inbreeding status (Competitor IS: inbred versus outbred) and competitive rank (Age class: senior versus junior) on four measures of offspring performance: mean larval mass at the age of dispersal (mg), number of offspring at dispersal, number of offspring at eclosion and adult lifespan (days after eclosion) on offspring performance (Table 1 ; Figure 1 ). Finally, age class had a significant main effect on mean larval mass at dispersal and number of larvae that survived until both dispersal and eclosion (Table 1) . Seniors grew to a larger size and had higher survival until both dispersal and eclosion than juniors (Figure 1a ,c,e) as expected if there was an age-based competitive asymmetry within the brood. There was no difference between the adult lifespan of seniors and juniors (Table 1 ; Figure 1g ).
F I G U R E 1 Mean offspring performance depending on the focal offspring's inbreeding status (inbred versus outbred), the competitor's inbreeding status (inbred versus outbred) and age class (senior versus junior) on four measures of offspring performance (left column) and coefficients of inbreeding depression (δ) in senior and junior larvae when there was direct competition between inbred and outbred larvae and when inbred and outbred larvae competed against their own kind (right column). Mean larval mass at the time of dispersal (a, b), number of offspring at dispersal (c, d), number of offspring at eclosion (e, f) and offspring lifespan as adult (g, h) . Error bars for graphs in the left column represent the standard error of the mean, whereas those in the right column represent the standard error of the mean coefficient of inbreeding depression of 500 values obtained via bootstrapping. The sample size for each treatment group is N = 30
| Competitive ability of offspring
There were no effects of the three-way interaction between the focal offspring's inbreeding status, the inbreeding status of competitors and age class on the offspring's competitive ability (Table 2) .
Thus, inbred juniors were not at a greater disadvantage when competing with outbred seniors (Figure 2) . Furthermore, there were no effects of the two-way interaction between the focal offspring's inbreeding status and the inbreeding status of competitors or between the focal offspring's inbreeding status and age class (Table 2) .
In other words, inbred larvae did not show a reduced competitive ability when interacting with outbred competitors and inbreeding did not have a disproportionate effect on the competitive ability of juniors ( Figure 2 ). There was no effect of the interaction between the inbreeding status of competitors and age class on effectiveness of begging (Table 2 ; Figure 2a ). However, there was an effect of this interaction on the likelihood that females provisioned food to larvae (Table 2 ; binary model). Junior larvae were more likely to be provisioned with food when interacting with outbred seniors, whereas senior larvae were slightly more likely to be provisioned with food when interacting with inbred juniors (Figure 2b ). There were no effects of this interaction on time spent begging by larvae (Table 2 ; Figure 2c ).
There were no significant main effects of the focal individual's inbreeding status ( Table 2 ), indicating that there was no difference in competitive ability between inbred and outbred larvae (Figure 2 ).
Likewise, there were no significant main effects of the inbreeding status of competitors (Table 2) . Thus, there was no difference in competitive ability between larvae interacting with inbred and outbred competitors (Figure 2 ). There were no effects of age class on effectiveness of begging (Table 2 ; Figure 2a ). However, age class had an effect on female food provisioning and larval begging with juniors being more likely to be provisioned with food and spending more time begging than seniors (Figure 2b,c) .
| D ISCUSS I ON
Our aim was to investigate the interplay between age-based competitive asymmetries and direct competition between inbred and outbred offspring in the burying beetle N. vespilloides. We found no evidence that inbred juniors suffered disproportionately due to competition from outbred seniors (there were no effects of the three-way interaction between the focal offspring's inbreeding status, the inbreeding status of competitors and age class on offspring performance). Likewise, there was no evidence that direct competition between inbred and outbred larvae exacerbated the severity of inbreeding depression (there were no effects of the two-way interaction between the focal offspring's inbreeding status and the inbreeding status of their competitors). Finally, there was no evidence that inbred larvae were more sensitive to the poorer conditions experienced by juniors (there were effects of the two-way interaction between the focal offspring's inbreeding status and age class, but TA B L E 2 Summary of models for the effects of the focal offspring's inbreeding status (Focal IS: inbred versus outbred), the competitor's inbreeding status (Competitor IS: inbred versus outbred) and competitive rank (Age class: senior versus junior) on three measures of the offspring's competitive ability: effectiveness of begging, female parental behaviour (binary and count models) and larval begging 
<0.001
Data on female food provisioning were analysed using a hurdle model to account for zero inflation. Significant p-values are highlighted in bold.
these were not in the predicted direction). Below, we provide a discussion of the wider implications of our results. We start by discussing evidence for inbreeding depression. We then discuss evidence for age-based competitive asymmetries and end by discussing the complex interplay between age-based competitive asymmetries and direct competition between inbred and outbred offspring.
We found that inbred larvae had lower performance than outbred ones confirming that larvae suffered from inbreeding depression. Fewer inbred larvae survived from arrival on the carcass until dispersal from the carcass and until eclosion as adults than outbred larvae. The estimated coefficients of inbreeding depression for these two components of offspring survival were 0.18-0.32 (Figure 1d,f) , which are comparable with estimates of coefficients of inbreeding depression for offspring survival obtained in prior work on this species (Mattey et al., 2013; Pilakouta et al., 2015a) . We found no evidence of inbreeding depression in adult lifespan, consistent with prior work showing that inbred and outbred offspring have similar adult lifespan provided that they are reared in the presence of a caring female parent (Pilakouta et al. 2015) . Finally, there was no inbreeding depression in mean larval mass, which is also consistent with prior work on this species (Ford, Henderson, & Smiseth, 2018; Mattey et al., 2013; Pilakouta et al., 2015; . A recent study on N. vespilloides shows that inbred and outbred larvae grow to a similar size when the female is outbred, but that outbred larvae are larger when the female is inbred (Mattey et al., 2018) . Thus, the lack of inbreeding depression in mean larval mass may reflect that outbred females provide more care towards inbred larvae, thereby compensating F I G U R E 2 Mean offspring competitive ability depending on the focal offspring's inbreeding status (inbred versus outbred), the competitor's inbreeding status (inbred versus outbred) and age class (senior versus junior) on the competitive ability of offspring.
Effectiveness of begging (a), time spent provisioning food by the female parent (b) and time spent begging by larvae (c). All behaviours were recorded when larvae were 25 hr old. Error bars represent the standard error of the mean. The sample size for each treatment group is N = 30
for their poor genetic quality. Furthermore, the lack of inbreeding depression in mean larval mass may also reflect selective disappearance of weaker individuals, in which case those inbred larvae that survived until dispersal represent those that were strongest or in better condition.
We also found evidence for age-based competitive asymmetries as seniors grew to a larger size and had higher survival until dispersal and eclosion than juniors. Our results are consistent with the results of prior studies on this species showing that seniors grow to a larger size and have higher survival (Smiseth & Moore, 2007 , 2008 Smiseth et al., 2007b) . These results suggest that seniors are competitively superior, presumably reflecting that they had grown seven-fold by the time juniors arrived at the carcass (Smiseth et al., 2003) . We found no difference in the effectiveness of begging (our proxy for competitive ability) of seniors and juniors, although a prior study on this species found that seniors had a higher effectiveness of begging than juniors (Smiseth et al., 2007b) . Surprisingly, we found that juniors were more likely to be provisioned with food by the female. We discuss this result below as it was linked to the finding that juniors were more likely to be provisioned with food and spent more time begging when interacting with outbred seniors. As noted above, there were no differences between inbred and outbred larvae with respect to mean larval mass, effectiveness of begging, how often they were provisioned with food by the female or time they spent begging. Finally, there was no evidence that larvae grew less well or had a lower effectiveness of begging when competing against outbred larvae as opposed to inbred ones. Thus, there was no evidence that outbred larvae were better competitors than inbred ones. In sum, our results confirm the existence of age-based competitive asymmetries in our study species. Furthermore, given that there was no difference in body mass between outbred and inbred larvae, any effects of age (and thereby body size) on an individual's competitive ability would be independent of its inbreeding status.
Our study provides novel insights into the interplay between age-based competitive asymmetries and direct competition between inbred and outbred offspring. Firstly, we found no evidence that direct competition between inbred and outbred larvae exacerbated the severity of inbreeding depression. Recently, it has been argued that intraspecific competition associated with direct competition between inbred and outbred individuals should have a stronger impact on the severity of inbreeding depression than other environmental stressors (Yun & Agrawal, 2014) . There is evidence that direct competition between inbred and outbred individuals exacerbates inbreeding depression from two prior studies conducted on house mice (Meagher et al., 2000) and Drosophila (Yun & Agrawal, 2014) , respectively. Direct competition is expected to exacerbate inbreeding depression if outbred individuals are stronger competitors than inbred ones (Yun & Agrawal, 2014) . As discussed above, we found no evidence that this was the case, suggesting that this assumption was not met in our study species. A recent study on N. vespilloides shows that inbred adult males are stronger competitors than outbred adult males, presumably reflecting that inbreeding triggers terminal investment as inbred males have lower survival than outbred ones (Richardson & Smiseth, 2018) . Thus, our study adds to growing evidence that outbred individuals are not necessarily stronger competitors than inbred ones.
Secondly, we found no evidence that inbred larvae were more sensitive to the poorer and more stressful conditions experienced by junior offspring. Inbred individuals are expected to be more sensitive to stressful conditions than outbred ones (Fox & Reed, 2011) , including the greater nutritional stresses experienced by juniors (de Boer et al., 2015) . If so, we should expect juniors to suffer from more severe inbreeding depression than seniors. We found no evidence that this was the case in our study (Figure 1 ; right column), even though juniors experienced poorer conditions and had lower growth and survival than seniors. Thus, our results suggest that inbred offspring are not necessarily more sensitive to the more stressful conditions experienced by juniors than outbred offspring. Two recent studies on canaries provide mixed evidence for this suggestion. In its support, de Boer et al. (2015) found that junior nestlings grew less well than seniors and this difference was greater in inbred broods.
However, de Boer et al. (2016) found no evidence that juniors suffer from more severe inbreeding depression than seniors in mixed broods where there was direct competition between inbred and outbred siblings. In the light of this lack of consistent evidence, we need further work on other systems to establish whether inbred offspring are more sensitive to stressful conditions than outbred ones.
Thirdly, we found no evidence that inbred juniors suffered disproportionately due to competition from outbred seniors. We might expect this to be the case when seniors are better competitors than juniors and outbred offspring are better competitors than inbred ones. When this is the case, inbred juniors would be at a disproportionate competitive disadvantage due to the combined effects of being younger and being inbred. As discussed above, we found no evidence that inbred offspring were inferior competitors to outbred ones. Thus, our finding may simply reflect that there was no difference in competitive ability between inbred and outbred larvae in our study species. Nevertheless, we suggest that inbred juniors might suffer disproportionately due to competition from outbred seniors in other species where inbred offspring are inferior competitors to outbred ones.
Finally, we found that juniors were more likely to be provisioned with food when interacting with outbred seniors, while seniors were slightly more likely to be provisioned with food when interacting with inbred juniors. This finding is surprising as it suggests that juniors benefitted from interacting with outbred seniors, which we presumed would be the superior competitors. One potential explanation for this finding is that females provide more care towards broods where senior larvae are outbred, but that females allocate a greater share of this care towards juniors. There is evidence from prior work on this species
showing that caring females are sensitive to the needs of senior larvae within the brood (Smiseth & Morgan, 2009) as well as to the inbreeding status of their broods (Mattey et al., 2018) . Thus, there is now a need for further work investigating whether differences in age among offspring influence how females respond to the inbreeding status of their offspring.
In conclusion, we found evidence for inbreeding depression with inbred offspring having lower survival than outbred ones, as well as evidence for age-based competitive asymmetries with seniors growing to a larger size and having higher survival than juniors. Nevertheless, we found no evidence that direct competition between inbred and outbred larvae exacerbated the severity of inbreeding depression, no evidence that inbred larvae were more sensitive to the poor conditions experienced by juniors and no evidence that inbred juniors suffered disproportionately due to competition from outbred seniors. Our results highlight that direct competition between inbred and outbred individuals does not necessarily exacerbate inbreeding depression and that inbred individuals are not always more sensitive to stressful conditions than outbred ones.
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